Abstract Silicone foams and rubber are used in a variety of applications to protect internal components from external shock impact. Understanding how these materials mitigate impact energy is a crucial step in designing more effective shock isolation systems for components. In this study, a Kolsky bar with pre-compression and passive radial confinement capabilities was used to investigate the response of silicone foams and rubber subjected to impact loading at different speeds. Using the preload capability, silicone foam samples were subjected to increasing levels of pre-strain. Frequencybased analyses were carried out on results from silicone foams and rubber to study the effect of both pre-strain and material processing conditions on the mechanism of energy dissipation in the frequency domain. Additionally, effects of impact speed on energy dissipation through silicone foams and rubber were investigated.
Introduction
Mitigation of high frequency components that are potentially damaging to internal electronics is a critical design concept in applications ranging from portable electronics to defense applications [1, 2] . Selection of shock mitigation materials is typically dictated by the ability of different materials to dissipate energy over a range of frequencies for a specific application. Improved design in vibration control and shock-resistant packaging is achieved through better understanding of how the constituent materials behave in those environments. Hyperelastic polymer foams and rubbers are used in applications for vibration reduction and shock mitigation. Many factors such as stress-state, strain rate, and temperature may affect the shock mitigation behavior of foams and rubbers in these applications. Silicone foams may also be subjected to pre-strain during assembly or manufacture of components. Understanding the response of silicone foams in the frequency domain is of paramount importance for applications where shock or vibration energies at specific frequencies may damage internal components. In this study, the frequency-domain energy dissipation behavior of silicone foams and rubbers was investigated. The silicone foam was subjected to varying levels of pre-strain under passive confinement to determine the effect of stressstate on energy dissipation. Energy dissipation behavior of silicone foam and rubber is compared to try to discover the mechanism by which silicone foam dissipates energy in the frequency domain.
Materials and Specimens
Silicone foam and rubber were evaluated in this study for energy dissipation capability. Silicone foam and rubber were processed using the same chemistry; however, small pellets were introduced into the silicone foam mixture which produced a porosity of approximately 50%, whereas the silicone rubber had essentially 0% porosity. This is clearly shown when the densities of the foam and rubber were measured. The silicone foam had a density of 608˙21.85 kg/m 3 while the silicone rubber had a density of 1153 kg/m 3 . To investigate the effect of stress-state, the silicone foam was pre-compressed to strains of 0, 13, 23.3 and 33.5% prior to dynamic loading while the silicone rubber was not held under pre-strain. Both specimen types were confined in a steel tube in the experimental setup to provide passive lateral confinement. The silicone foam and rubber were subjected to multiple impact speeds to study the energy dissipation behavior in the frequency domain.
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Experiments and Results
A Kolsky bar with pre-load capability was used to conduct experiments on silicone foam and rubber, as shown in Fig. 2.1 . A tapered tungsten striker was used to extend the frequency content of the incident pulse. The specimens were confined in a steel tube surrounding the gage section of the Kolsky bar. Such passive confinement replicates the stress-state of shock mitigation materials in real applications. Prior to dynamic loading, the silicone foam was confined in the steel tube and static pre-strain was increased to different levels measured using a linear laser and photodetector system. After the pre-strain was applied, the striker bar was fired to initiate dynamic loading. The incident, reflected, and transmitted signals were recorded and subsequently converted to the frequency domain using FFT.
The energy dissipation behavior of silicone foam as a function of pre-strain for a single impact speed is shown in Fig. 2 .2a. As Fig. 2.2a shows, the energy dissipation capability of the silicone foam decreases with increasing pre-strain. For 0 and 13% pre-strain, the silicone foam dissipated nearly 100% of the impact energy over the entire frequency range. However, at the highest level (33.5%) of pre-strain, the silicone foam only dissipated approximately 80% of the impact energy. Silicone rubber, as shown in Fig. 2 .2b, had a lower overall energy dissipation ratio (25%) compared to silicone foam. This suggests that the silicone foam dissipates more energy through cellular structures than the matrix material. Furthermore, no trend can be seen between impact speed and energy dissipation ratio for the silicone rubber.
In an effort to better understand the energy dissipation with respect to densification of the foam and rubber, the overall energy dissipation ratio for all foam and rubber experiments is plotted against the final density of the specimen at the conclusion of dynamic loading is shown in Fig. 2.3 . The final density can be calculated by using the total engineering strain that is reached as a result of quasi-static pre-strain and dynamic loading. The outside diameter is constant due to the confining tube; with the initial mass known, the final volume and hence density are calculated. Based on the behavior shown in Fig. 2. 3, there appears to be a critical density between 1200 and 1400 kg/m 3 at which the energy dissipation ratio begins to drop off to a saturated value of 0.25. Hence, the state of densification of the material may be the driving factor determining the energy dissipation capability of silicone foams and rubbers.
Summary
In this study, a Kolsky compression bar with a pre-load capability was used to subject passively silicone foams and rubbers to different levels of pre-strain and dynamic loading to simulate the stress-state seen inside components. The silicone foams and rubbers were evaluated for their energy dissipation capability in the frequency domain. The energy dissipation ratio of silicone foam decreased when the foam was subjected to increasing pre-strain at the same impact velocity. At low levels of pre-strain, the foam dissipated nearly 100% of the impact energy. The energy dissipation ratio of silicone foam was found to be independent of impact speed. The overall state of densification of the material may be the driving factor for energy dissipation. A critical density between 1200 and 1400 kg/m 3 was identified at which the energy dissipation ratio dropped to a saturated value of 0.25.
